Alloscardovia macacae sp. nov., isolated from the milk of a macaque (Macaca mulatta), emended description of the genus Alloscardovia and proposal of Alloscardovia criceti comb. nov. Scardovial genera were separated from bifidobacteria within the family Bifidobacteriaceae (Stackebrandt et al., 1997) on the basis of phylogenetic, genotypic and phenotypic analyses (Jian & Dong, 2002; Simpson et al., 2004; Killer et al., 2010a; García-Aljaro et al., 2012). Representatives of scardovial genera (Aeriscardovia, Alloscardovia, 'Neoscardovia', Parascardovia, 'Pseudoscardovia' and Scardovia) were found in the porcine caecum, porcine slurries, digestive tract of wild pigs (Killer et al., 2013), human dental caries (Crociani et al., 1996) and Abbreviation: F6PPK, fructose-6-phosphate phosphoketolase.
Scardovial genera were separated from bifidobacteria within the family Bifidobacteriaceae (Stackebrandt et al., 1997) on the basis of phylogenetic, genotypic and phenotypic analyses (Jian & Dong, 2002; Simpson et al., 2004; Killer et al., 2010a; García-Aljaro et al., 2012) . Representatives of scardovial genera (Aeriscardovia, Alloscardovia, 'Neoscardovia', Parascardovia, 'Pseudoscardovia' and Scardovia) were found in the porcine caecum, porcine slurries, digestive tract of wild pigs (Killer et al., 2013) , human dental caries (Crociani et al., 1996) and human clinical samples (Huys et al., 2007) . Recently, a new genus, 'Bombiscardovia', of the family Bifidobacteriaceae was isolated from the digestive tract of bumblebees (Killer et al., 2010a) . Some scardovial species, especially Alloscardovia omnicolens, Parascardovia denticolens, Scardovia inopinata and Gardnerella vaginalis also belonging to the family Bifidobacteriaceae, are known to be opportunistic pathogens for humans (Mahlen & Clarridge, 2009; Mantzourani et al., 2009; Yoon et al., 2010) . In contrast to that, bifidobacteria are widely used as probiotics and seem to be non-pathogenic for humans and animals (Trebichavsky et al., 2009; Apás et al., 2010) . This study describes the isolation and identification of a novel bacterial strain related to the family Bifidobacteriaceae.
A sample of milk from a female macaque (Macaca mulatta) bred in captivity in the Central Bohemian Region (Czech Republic) was frozen at 220 u C and transferred to the microbiological laboratory. The milk sample was serially diluted in anaerobic TPY (tryptone, phytone, yeast extract) broth (Scardovi, 1986) and then cultivated in MTPY agar (Rada & Petr, 2000) under anaerobic conditions in an anaerobic jar (Oxoid) at 37 u C for 48 h. Fructose-6-phosphate phosphoketolase (F6PPK)-positive bacterial isolates (Orban & Patterson, 2000) were then characterized by sequencing of 16S rRNA genes according to Killer et al. (2010b) .
Sequence similarity values of bacterial isolates with most related species were calculated using the jPHYDIT program (Jeon et al., 2005) . Ten F6PPK-positive bacterial isolates were identified as Bifidobacterium adolescentis (.99.5 % 16S rRNA gene sequence similarities to the type strain of the species). An F6PPK-positive strain, designated M8 T , had 96.6 % and 96.4 % 16S rRNA gene sequence similarity to Metascardovia criceti OMB105 T (GenBank accession number AB241105) and Alloscardovia omnicolens CCUG 31649 T (NR_042583), respectively. This result suggested that the bacterial strain represented a novel bacterial species (Stackebrandt & Goebel, 1994) . Therefore, this strain was further characterized by multilocus sequence analysis, and genotypic and phenotypic analysis for confirmation of the status. Remarkably, A. omnicolens CCUG 31649
T and M. criceti OMB105 T have a relatively high 16S rRNA gene sequence similarity to each other (97.8 %). The assumption that M. criceti OMB105 T belongs to the genus Alloscardovia was subsequently confirmed by phylogenetic and other analyses.
Multilocus sequence analysis is a reliable and robust technique for the identification and classification of bacterial isolates to the species level as an alternative to 16S rRNA gene sequence analysis (Martens et al., 2008) . For this reason, partial sequences of genes encoding the heat-shock protein 60 kDa (hsp60), xylulose 5-phosphate/ fructose 6-phosphate phosphoketolase (xfp) and elongation factor EF-G (fusA) were amplified in strain M8 T , A. omnicolens DSM 21503 T and M. criceti DSM 17774
T . The latter two species seemed to be most related bacterial species to strain M8 T based on 16S rRNA gene sequence similarities. The genes described above were previously proposed as phylogenetic markers in taxonomy of the family Bifidobacteriaceae (Jian & Dong, 2002; Berthoud et al., 2005; Delétoile et al., 2010) . Primers and PCR conditions for amplifications of these gene sequences were designed by Okamoto et al. (2007) , Berthoud et al. (2005) and Delétoile et al. (2010) , respectively. Sequences of hsp60, fusA and xfp genes also revealed that the strain M8 T was most closely related to the type strains of A. omnicolens and M. criceti with sequence similarities in the ranges of 81.6-83.6 %, 84.6-85.5 % and 91.2-92.5 % for hsp60, fusA and xfp, respectively. Sequence similarities regarding these three genes between the three related species are listed in Table  S1 (available in IJSEM Online). These findings also confirmed the status of a novel scardovial species within the family Bifidobacteriaceae (Jian & Dong, 2002; Berthoud et al., 2005; Delétoile et al., 2010) .
The maximum-likelihood statistical method in the MEGA 5.05 software package (Tamura et al., 2011) was used for reconstruction of phylogenetic trees. Available sequences of the main phylogenetic markers (16S rRNA gene, xfp, fusA and hsp60) used in taxonomy of bifidobacteria and related genera were retrieved from the GenBank database for all type strains of the representatives of the family Bifidobacteriaceae. 16S rRNA gene and hsp60 sequences (and those translated to amino acids in the case of the hsp60 dataset) were then aligned using CLUSTAL W in the MEGA 5.05 software package. The alignments were improved by removing hypervariable positions using the program Gblocks under the default conditions (Castresana, 2000) . The alignment served as the input file for reconstruction of phylogenetic trees by the maximum-likelihood and neighbour-joining methods within the MEGA software package. Strain M8
T was positioned on a phylogenetic branch together with A. omnicolens and M. criceti based on phylogenetic trees reconstructed using sequences of the16S rRNA gene (Fig. 1) , xfp ( Fig. S1 ) and fusA (Fig. S2) , respectively. In the case of the phylogenetic tree based on hsp60 sequences (Fig. S3) , strain M8
T was positioned on a separate branch together with M. criceti near the separate branch of A. omnicolens. However, strain M8
T was placed into a branch together with A. omnicolens DSM 21503 T and M. criceti OMB105 T in the phylogenetic tree reconstructed using amino acid sequences of partial hsp60 genes (data not shown). A. omnicolens DSM 21503
The carbohydrate fermentation and enzyme production patterns of strain M8
T were determined using API 50 CHL, Rapid ID 32A and API ZYM test strips (bioMérieux), according to the manufacturer's instructions. In the case of the API 50 CHL kit, the strain was cultivated under anaerobic conditions in an anaerostat (Oxoid) at 37 u C for 48 h. Anaerobic TPY broth (pH 6.5) was used for evaluation of growth characteristics. The temperature growth rate of strain M8
T was tested at 5, 10, 15, 20, 25, 30, 40 and 46 u C for 72 h. The ability to grow at low and high pH was determined at 37 u C at pH 3, 3.5, 4, 4.5, 5, 8.5, 9, 9.5 and 10.0 for 48 h. The pH was regulated using concentrated solutions of HCl and NaOH. The ability to grow under aerobic and microaerophilic conditions (CampyGen, Oxoid) was tested using TPY agar. Results were then compared to results obtained by the same methods for type strains of all recognised scardovial species. The main differences in phenotypic characteristics and DNA G+C contents between the scardovial species are summarized in Table 1 . They differ from each other in the utilization of 15 substrates and the production of nine enzymes. Phylogenetically related strains M8 T , A. omnicolens DSM 21503
T and M. criceti DSM 17774 T were found to differ in the utilization of seven substrates and the production of five enzymes. Strain M8
T was not able to grow under aerobic and microaerophilic conditions in contrast to A. omnicolens and M. criceti, otherwise the phylogenetically related strains had similar phenotypic characteristics.
The end products of hexose catabolism were determined in strain M8
T using capillary isotachophoresis according to Killer et al. (2010a) . Fructose-6-phosphate phosphoketolase is the key enzyme of so-called 'bifid-shunt' (Jian & Dong, 2002) through which members of the family Bifidobacteriaceae degrade hexoses to acetic acid and lactic acid in a theoretical final ratio of 1.5 : 1.0. Strain M8 T produced from glucose only acetic acid and lactic acid in the ratio 1.31 : 1.0, which is in agreement with classification in the family Bifidobacteriaceae.
Detailed morphological properties of the cells of strain M8
T were examined by scanning electron microscopy as described previously (Killer et al., 2009) . Cells of strain M8 T were coccoid, short irregularly shaped and slightly curved rods which were sometimes constricted at termination. The cells were not branched and were arranged singularly (Fig. 2) . Very similar cell morphology was found in A. omnicolens (Huys et al., 2007) and also according to our findings (by light microscopy) in M. criceti DSM 17774 T .
Determination of susceptibility to 33 different antibiotics and two chemotherapeutics by the disc diffusion method according to Vlková et al. (2006) aminoglycosides, fluoroquinolones, sulfonamides, mupirocine and metronidazole. The three strains differed from each other in moderate susceptibility to nine antibiotics. Similar results were determined in many bifidobacteria of human and animal origin (Lim et al., 1993; Moubareck et al., 2005; Vlková et al., 2006) . However, some bifidobacterial strains can be variable in susceptibility to cephalosporines (Charteris et al., 1998) , tetracycline, clindamycin, sulfamethoxazole and ciprofloxacin (Masco et al., 2006) . Cellular fatty acid profiles were determined for strain M8 T , A. omnicolens DSM 21503 T and M. criceti DSM 17774 T by the method described in our previous study (Killer et al., 2010a) and were compared with the profiles of other scardovial species determined previously by gas chromatography analyses. The main cellular fatty acids in the majority of strains tested were C 18 : 1 v9c, C 16 : 0 and C 14 : 0 (Table S3) . The phylogenetically related strains of species of the genus Alloscardovia had in general similar cellular fatty acid profiles and lower relative concentrations of C 16 : 0 compared to bifidobacteria and scardovia tested (Downes et al., 2011; Killer et al., 2011; Morita et al., 2011) .
The peptidoglycan structures of strain M8 T , A. omnicolens DSM 21503
T and M. criceti DSM 17774 T were determined by the Identification Service of the DSMZ using methods described in our previous study (Killer et al., 2010a) . Polar lipid profiles of strain M8
T and M. criceti DSM 17774 T were also determined by the Identification Service of the DSMZ by methods described previously. The peptidoglycan of strain M8
T and A. omnicolens DSM 21503 T was found to be of the type A4a L-Lys-D-Asp. The same peptidoglycan structure was recently detected in a new genus 'Bombiscardovia' of the family Bifidobacteriaceae (Killer et al., 2010a) . Peptidoglycan analyses revealed in M. criceti DSM 17774 T the type A4a L-Lys-Ser-Glu. Similar peptidoglycan structures, A4a L-Lys-Ser-Glu and A4a L-Lys-Thr-Glu, were also recently found in two species of the genus Scardovia ( T had similar cellular polar lipids profiles (Fig. S4) . Various glycolipids, an unidentified phospholipid and diphosphatidylglycerol was also found in Scardovia wiggsiae DSM 22547 T , Scardovia inopinata CCUG 35729
T (Downes et al., 2011) and 'Bombiscardovia coagulans' BLAPIII-AGV (Killer et al., 2010a) .
In summary, all results obtained in the present study demonstrated that strain M8
T isolated from milk of a macaque (Macaca mulatta) represents a novel species of the genus Alloscardovia, for which the name Alloscardovia Alloscardovia macacae sp. nov. macacae sp. nov. is proposed. In addition, our results also revealed that Alloscardovia omnicolens DSM 21503 T and M. criceti DSM 17774 T do not belong to different genera within the family Bifidobacteriaceae. These bacterial genera were described simultaneously in 2007 (Huys et al., 2007; Okamoto et al., 2007) . However, genus Alloscardovia was published in July and genus Metascardovia later in November. We therefore also propose to reclassify Metascardovia criceti as Alloscardovia criceti comb. nov. An emended description of the genus Alloscardovia is also provided.
Emended description of the genus Alloscardovia Huys et al.
The description is as provided by Huys et al. (2007) and Okamoto et al. (2007) with the following additions. Cells are coccoid, short irregularly shaped and slightly curved rods which are sometimes constricted at termination. The major fatty acids are C 18 : 1 , C 14 : 0 and/or C 16 : 0 (Table S3) . Two species of the genus (A. omnicolens and A. macacae sp. nov.) display the peptidoglycan type A4a L-Lys-D-Asp; A. criceti comb. nov. displays the peptidoglycan type A4a LLys-Ser-Glu. The peptidoglycan contains the amino acids alanine, glutamic acid and lysine. The DNA G+C content ranges from 47.3 to 53 mol% (Table 1) . The type species is Alloscardovia omnicolens.
Description of Alloscardovia macacae sp. nov.
Alloscardovia macacae (ma.ca9ca.e. N.L. fem. n. Macaca generic name of macaques; N.L. gen. fem. n., macacae of Macaca, isolated from Macaca mulatta).
Cells are Gram-positive, F6PPK-positive, catalase-and oxidase-negative. The cell morphology ranges from small coccoid cells to a mixture of longer slightly curved and occasionally irregular cells (0.4-0.9 mm wide and 0.6-2.3 mm long). They are sometimes constricted at termination. The cells are not branched and they are arranged singularly (Fig.  2) . After 3 days cultivation on TPY agar under anaerobic conditions, colonies are circular with sharp, entire and undulate edges, smooth, cream, opaque and shiny on the surface. Colonies are very variable in shape and size (0.42-2.58 mm in diameter). The optimum temperature for growth is 37 u C. Cells contain relatively high amounts of oleic, palmitoeic and myristic acids (Table S3) . Strain M8
T is susceptible to cephalosporins (except cefixime), macrolides, penicillin-derived antibiotics (except oxacillin), vancomycin, J. Killer and others rifampicin, clindamycin, chloramphenicol, tetracycline and meropenem, and resistant to aminoglycosides, fluoroquinolones, sulfonamides and chemotherapeutics mupirocine and metronidazole (Table S2) . Cellular polar lipids include various glycolipids, two unidentified phospholipids and diphosphatidylglycerol (Fig. S4) . The peptidoglycan structure is of the type A4a L-Lys-D-Asp. The peptidoglycan contains the amino acids alanine, aspartic acid, glutamic acid and lysine in a molar ratio of 1.0 : 0.7 : 1.0 : 0.5. The temperature growth range and biochemical parameters are listed in Table 1 .
The type strain, M8
T (5DSM 24762 T 5CCM 7944 T ), was isolated from the milk of a female macaque bred in captivity in the Central Bohemia region (Czech Republic). The DNA G+C content of the type strain is 50.1 mol%. The description is as given for Metascardovia criceti by Okamoto et al. (2007) with the following additions. Revised determination of the peptidoglycan structure reveals type A4a L-Lys-Ser-Glu. Completely hydrolysed peptides comprise the amino acids alanine, serine, glutamic acid and lysine with the following quantitative ratio: 2.8 : 1.3 : 1.4 : 1.0. Cellular polar lipids are represented by diphosphatidylglycerol, phospholipids, glycolipids and lipids (Fig. S4) . The main cellular fatty acids are C 18 : 1 v9c, C 14 : 0 , C 16 : 0 and C 16 : 1 (Table S3) . Additional results of biochemical characteristics and sensitivity or resistance to antibiotics and chemotherapeutics are shown in Table 1 and Table S2 
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